Abstract
Introduction
The Department of Photogrammetry, Remote Sensing and Geographic Information Systems at the Warsaw University of Technology is one of six organizational units of the Faculty of Geodesy and Cartography. Two teaching groups are active within the structure of the Department: the Photogrammetry Group, and the Remote Sensing and Spatial Information Systems Research Group. This division reflects two basic directions of performed research works: the photogrammetric surveys and the remote sensing implemented spatial information systems. At present, four research and didactic laboratories exist: the Laboratory for Satellite Remote Sensing, the Laboratory of Spatial Information Systems, the Laboratory of Digital Photogrammetry, and the Laboratory for Close-Range Photogrammetry. They all serve didactic purposes as well as the scientific development of the staff and graduate students. This paper will discuss the research works performed in the field of digital photogrammetry by the Photogrammetry Research Group. Geodesy and Geoinformatics vol. 100/2016; pp. 221-234 DOI:10.1515 pp. 221-234 DOI:10. /rgg-2016 other subjects, geometric correction of airborne scanner and radar images, were also developed. The eighties and nineties were characterized by interest in nonphotographic techniques and their use, for example in medicine for measuring shapes and changes of body parts (backbones, faces, examinations of eye grounds) with the use of stereo-X-ray photographs and the analogue moiré technology.
Reports on
In the eighties, the world was shifted from analogue photogrammetric techniques into digital photogrammetry. In photogrammetric works, analogue stereo plotters were substituted by analytical stereo plotters, and digital forms of maps started to dominate in elaboration of maps based on aerial photographs.
This trend was reflected at the Department of Photogrammetry in the form of intensive works aiming at modernization of analogue photogrammetric equipment (stereo plotters, stereo comparators) and its adaptation to analytical works. This concerned analogue and analytical aerial triangulation, digital mapping technology, or digital terrain model (DTM) technology. Many production companies were interested in the results of these works, and they were also implemented in many places.
New research and didactic opportunities were generated by the purchase of P-3, the analytical stereo plotter, at the beginning of the nineties. Works concerning the technology of digital map development based on aerial photographs, generation of DTMs and improvements of methods of inventorying historical objects were also performed.
Beginnings of digital photogrammetry
The onset of the eighties and the nineties meant the rapid development of digital photogrammetry, which has been continuing till today. The digital form of data is the main characteristic of digital photogrammetry. Instead of an analogue form (on a film) photographs occur in raster form, and are processed by means of a photogrammetric digital station. Specialized software tools installed on the station determine the photogrammetric functionality. Such stations are therefore called "digital stereo plotters".
The year 1991 is considered as the beginning of the era of digital photogrammetry, as this is when the first commercial photogrammetric stations were made available on the market. During the second half of the nineties, such stations started to supplant analytical stereo plotters in photogrammetric production works (Kurczyński, 2005 (Kurczyński, , 2007 . Digital technologies started to dominate. During the first years of the era of digital photogrammetry, photographs were the only exception in the technological process. In order to input them into the digital technology, it was necessary to transform their analogue form into the digital form through scanning with specialized scanners. The appearance on the market of aerial digital cameras (2000 r.) and the gradual substitution of analogue cameras allowed that exception to be eliminated.
The transformation of photographs into the digital form may seem a technical operation only, especially given that photogrammetric methods applied in further processing of photographs remained unchanged. The issue that has decided the attractiveness of digital photogrammetry and its unquestionable successes is automation.
Processing of photographs in the digital form allows for digitalization. At present, photographs may be observed automatically based on so-called image matching techniques (similar to the computer vision applied in robotics). Automation of observations is one of the keys to automation of the overall aerial triangulation process. The advanced computer technique allows blocks of thousands of photographs to be connected automatically and adjusted in one process.
Contemporary photogrammetry, including digital photogrammetry, is not limited to processing aerial photographs only. Other important sources of data are airborne laser scanning (LiDAR) and terrestrial laser scanning. The importance of image data acquired from the satellite level is also growing. These sources of data are the subject of interest in digital photogrammetry, where they can be a subject of automated process.
Also in the field of close-range photogrammetry, the nineties were a turning point, marking the beginning of the digital era. The emergence and development of digital cameras, in particular high-resolution cameras, resulted in a revolution in photogrammetric measuring techniques. Digital photogrammetry, including close range photogrammetry, became an interdisciplinary technique, connected with digital processing and recognition of objects in images, computer-assisted visualization and graphics, or real-time automatic control of precise production processes (Bujakiewicz et al., 2014) . A popular task was creating 3D models. Three-dimensional modelling of objects is considered a complete process, from acquisition of data to generation of 3D virtual models. Development of terrestrial laser scanning technology considerably widened the scope of 3D modelling. Three-dimensional photogrammetric models, combined with the texture, allow for interactive visualization, connecting with additional information concerning these models and recording them in GIS databases.
In 2000, the modern digital photogrammetry laboratory, equipped with several stations, was established at the Department of Photogrammetry for teaching and research purposes. Following the world trends, teaching of photogrammetry shifted towards an emphasis on digital technologies.
That period coincided with fundamental systematic changes in Poland. In the field of photogrammetry, a market was created in aerial photogrammetric services. A programme aiming to provide colour aerial photographs of the entire country was planned for the years 1995-98 by the Head Office of Geodesy and Cartography (GUGiK) within the EU Phare PL9206 Programme "Land Information System". Implementation of these photographs represented an "exceeding of the critical mass" in the development of photogrammetry in Poland and in the popularization of the use of aerial photographs and derivative products for many purposes. Service companies using modern equipment were founded, as well as photogrammetric companies able to process photographs using digital techniques.
The new political and economic situation supported the creation of new companies implementing digital techniques. This was also supported by photographs acquired in the framework of the Phare Programme. The end of the 20 th century was characterized by the rapid and growing demand for photographs, first in the analogue and soon in the digital form.
The Head Office of Geodesy and Cartography started the pilot implementation of the Topographic Database with an accuracy corresponding to the scale of 1:10 000, aiming at the development of standards of implementation for this huge project. The standards were completed in 2003.
Another serious challenge for the national geodetic service was the necessity to create the LPIS -the Land Parcel Identification System, which was key in deciding subsidies for EU farmers. In Poland, this system was based on a digital orthophotomap in two standards: resolution 0.25 m for south-east Poland, and resolution 0.50 m for other areas. 
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